The variability of leaf mass as a factor in the energy relations of leaves was discussed (4) in a previous paper. The problem was considered with reference to the thermal effects of absorbed radiant energy, especially in the absence of energy loss through transpiration. Data were tabulated to show the specific variability in the mass of one cm.2 of leaf tissue, and the corresponding variations in the calculated rates of leaf temperature increase. These calculations were based primarily upon certain fundamental measurements of solar energy receipt, energy absorption by leaves, thermal emissivity of leaf substance, and specific heat of leaves made by BROWN and ESCOMBE (1) and BROWN and WmsoN (2) more than thirty years ago.
Introduction
The variability of leaf mass as a factor in the energy relations of leaves was discussed (4) in a previous paper. The problem was considered with reference to the thermal effects of absorbed radiant energy, especially in the absence of energy loss through transpiration. Data were tabulated to show the specific variability in the mass of one cm.2 of leaf tissue, and the corresponding variations in the calculated rates of leaf temperature increase. These calculations were based primarily upon certain fundamental measurements of solar energy receipt, energy absorption by leaves, thermal emissivity of leaf substance, and specific heat of leaves made by BROWN and ESCOMBE (1) and BROWN and WmsoN (2) more than thirty years ago.
In these data there is the implication that the rate of adjustment of leaf temperature to inflowing radiant energy would also vary with the leaf mass, and that the rate of thermal adjustment would be very rapid. This particular phase of the problem was not emphasized in the former paper, and it seems appropriate to call attention to the rapidity of adjustment that should be expected if the leaf is confined to thermal emissivity as a method of energy dissipation, and if the values for incident energy and absorption previously suggested (4) are accepted as average for thin leaves.
As was indicated in the discussion of the mass factor, and also in an earlier discussion of the reflection of light from leaf surfaces (3) the upper surface of the leaf directly over the thermocouples. It was found that puncturing the leaf in this manner did not affect the temperature readings. Measurements made by holding the thermocouples against the lower surface of an unpunctured leaf were the same as those made with the couples inserted through the leaf and touching the lower leaf surface.
The thermocouples were calibrated carefully by connecting them with a sensitive galvanometer, placing the hot junctions in distilled water of known temperature, and noting the readings on the galvanometer scale. The calibration data are given in table II; from these data the curve in figure 2 has been plotted.
The results subsequently obtained with these calibrated thermocouples were always consistent, and readings could be duplicated at will. An attempt was made to measure leaf temperature changes in direct and diffuse sunlight. It was found to be impractical to measure the temperature changes under these conditions, however, because of the rapid fluctuations in the intensity of natural light.
The measurements recorded in tables III and IV were made in a constant temperature room, using light from a 60-amp. " sunshine " carbon arc. Dur- illumination at a distance of 2.5 ft. from the arc they recorded a temperature 10 higher than when exposed to the diffused light of the arc at the same distance. The Begonia leaves, more heavily cutinized, were slightly above the temperature of the room in diffused light, but averaged only 0.30 above air temperature. When measured in direct light, the temperature rose to 30 above room temperature, a total change of 2.70 C. The Caladium leaves showed a larger response than the other leaves. They were 0.50 above the air temperature in diffused light, and increased to 6.00 above the room temperature in diffused light. The total change was 5.5°C. It is not known whether the fact that the thermocouples were placed in contact with the under side of a white area of the leaf had anything to do with the greater temperature change in these leaves. * The couples were inserted in the Caladium leaves in such a way as to bring them into contact with the lower surface of a white area of the leaf.
In column 4 of table IV it is shown that the geranium leaves required on the average 1 min. 29 sec. for the thermal adjustment to incident radiation, the Begonia leaves 2 min., and the Caladium leaves 1 min. 55 see.
The radiation of the arc used on these leaves was measured for its light intensity in foot candles with a Macbeth illuminometer. The readings with normal incidence at 2.5 ft. from the arc averaged about 850 
Discussion
No attempt was made to restrict the leaves to thermal emissivity as a means of energy dispersal. They were transpiring during the measurements, but the transpiration was not measured. If there had been no transpiration, the temperature increase should have been greater than was observed. Under these circumstances thermal adjustment would have taken longer, and the discrepancy between observed and calculated rates would have been greater. It seems, then, that we need a thorough reinvestigation of all the internal and external factors concerned with the energy relations of leaves. Specific leaves should be used since the factors vary with the different species examined. It ought to be possible to obtain a set of values for reflection, transmission, absorption, transpiration, thermal emissivity, respiration, photosynthesis, specific heat, leaf mass, and energy content of radiation, the use of which in calculations would yield agreement with observed leaf behavior during energy receipt. The energy relations of leaves will not have reached a satisfactory status until such agreement between theoretical and observed values has been attained.
The thermocouple measurements of the changes in leaf temperature reported in this paper seem not to be vitiated by poor contact. Careful tests were made which showed that the contacts were close enough to yield accurate readings. The problem of lag in the apparatus was also checked. When the thermocouples were first immersed in distilled water at 300 C., and then suddenly transferred to distilled water at 340 C., the time required to record the change in temperature was 3 sec. And if a leaf were first allowed to reach thermal equilibrium in direct light, and the couples then applied in the usual manner to the under surface of the leaf, the apparatus recorded the correct temperature of the leaf in 2 or 3 seconds after the contact was made. It is evident, therefore, that lag in the apparatus is not suffi-
